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(54) FLUORESCENCE-CONVERTING LIGHT EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a light emitting 
device based on a light emitting diode which device can 
overcome the defect of the conventional light emitting 
diode. 

SOLUTION: There is provided a method for 
manufacturing the light emitting device, which comprises 
preparing a light emitting diode that radiates the primary 
light, and disposing adjacently to the light emitting diode 
the fluorescent substance, (Sr1-u~v-xMguCavBax)(Ga2- 
y-zAlyInzS4):Eu2+, that can absorb at least part of the 
primary light and radiate the secondary light having a 
wave length longer than that of the primary light. The 
composition of the fluorescent substance can be 
selected to determine the wave length of the secondary 
light. In one embodiment, the light emitting device 
comprises a fluorescent substance that is dispersed as 
fluorescent particles in another substance disposed in 
the circumference of the light emitting diode. In another 
embodiment, the light emitting device comprises a 

fluorescent substance that is affixed as a fluorescent film on to at least one surface of the light 
emitting diode. 
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iwmm 1 1 -a&tzmi-tzm.yj *- h\ ax/ 
wss&tn k»^< t i>— mzm o . mris 

9*v^fcft£3r-r& Scst-rs c k#T-# t ( s 

ri-„-»-,Mg l ,Ca,Ba I ) ( G a 2 . y - z A 1 y I n 
2 S 4 ) : Eu* + tf)9biaMt. --1T\ 
OSugK OSvSl. OSxSl, OS(u+v+ 
x) SI. 0=SyS2. 0^zg2. 0Sy + z^2t 

[»*JR2] mtOtil&'J OSrSK 0 

SsSl, OStgl.Mr+s + t = lt*»| 1 Al 
r I n,Ga t N<7)W»£ -ktttmm 1 fc8E»<OS63fcT>*? 

[|«*3R3 ] web*^ «r • r-f *- 

HT$> SIS «3B 1 fcSBttOffcfcr^ ^ • 
[ff*^4 ] HUfB-»3t*<. **J3 8 0 ^7 
£>ift5 0 O-^y^-h^^^Sr^-f-SW^ll- 

£>#>6 l o-hyy-h/Kora<7)^Sr*"f"-?>iS^i^ 

t tf;£3i 6 ] Ml BSOTSf TO£ fifct v-aafeo 
**^Sfcflt - aotto^m* w*U 5 %OTT'S> Sid 
tflfrlE-itet^S^S-ifiiR-r-S i k 5r#^k-T SH 

cit^fl 7 ] mmmmm*K wass&tn ho 

k LT#i*£ix& i k iWBkk-i-imsm l t=E«<0« 

[tfi*«8] mmm*xxfmss<ie><mtii t . fine 

£ k £ «FStk 7 CiBttOlDtT^ <-f X . 

[i«*jf 9 ] umbmoimw** r ^ y 

s*ut«flrc*sai*3B7 tcffitt<o«*f x. 

[gf*JH l 0 3 KUBJJIWIWt^, IJfa-<JcMW>»£fc: 
tJWO&l. 5J2Ub«JB*f**#t6IS*Ja7JClEao 

[IfjfcJSl l ] ffilfflWottetf. IJiB-«*<0«*{c 
*JV^TI&2. ltLhO®tff*&^-fi»ft*)I7tCia«0 

[ n$g 1 2 ] miEaaawt**, irae***^ *- h 
o^ < k t 1 o«o*^±fc:3te ! ? t wt%«*sbe7 -r n*- 

^.k tTft«$tlSIS^iS7tclBttOfBKrVs*>f x. 

[|«*3S 1 3 ] iwfBibte? -f )vi»-hK mi s ? o 

t»K3 2 0 5 9 o v<DJf£-C£> Sit *JH 1 2 £IB«£03S3£ 



firfBibfc? -f ftneS«JlO£!«3:< k fe locoS 

B± tft» £ ti h ffl&A 1 2 teiBttojfejtef ; <-f x . 

X, 

tmiZ-&ft<?>>J?%< k t-SSSriSJRLTHuia-^O 
( S ri-u-y-.MguC a v B a, ) ( Ga 2 - y -z A 1,1 n 

2 s 4 ) : Eu**oa3t«rtt*»*tT. ;:t. 

OSugl, OSvSl, OSxSl, OS (u+v+ 
x) SI, 0SyS2, 0Sz^2, 0Sy + zS2k 
-TS, ik&W»k-f4*t£. 

tlf*JS16] WEJHy-f OSrSl. 
OSsSl, 0<t S l&t/r + s + t = 1 X'hhA 1 
r I n a Ga t NOft»£-irtfli*Jil 5 tiBtt<0*ffi. 

iwm 1 7 1 Mief63fe^'f 3J-- h* 4 , r - ^ 

Hf S> l 5 tlBKfi0^r&„ 

C If ^fl 1 9 ] mtttfttf. mA9 0 J tJ^.-Y)V 

frhme i o^y^-WKoiaojs^2:^rr5if*>ii 
[ it*^ 2 o ] iraEi:»3teo»*t ifcs&f - * 

ft^^^-Bjc-rs £ k , at^»E»3e^-f ho^< 

t If*)! 2 2 ] mff mnm'Sir . x^Jf- J^ffllli . T ? 
fcwcm . 5lJLkOJgDf^S:*-rSif*«2 1 tlBSS 

[ if *« 2 4 ] miwkvvm-hK miz-'&ftcommz 
[ if 2 5 ] mimffimmii-Kftn&m&ft 
tts HfrtB^^e^aissrSSifi-r s z t zmz&tsz t 

[ If^JS 2 6 ] H?r!E-»3fck MIBZl»3t<?5S^SS: 

i6SS:S^-f S£k fcMfcS-tf-r k $r^!k-tl.if*3S 
2 1 CciBHO^rS. 
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[ 2 7 ] mmmimz . maeajw *- h 

/PAcoJlS SrSIJR-f 4 - t *M=*tr £ i: W«t ~T4 

hZt fcJCfc-frtf £ b iim t 2 7 fcl5«co 

[I»*]S30] MIETM^A*. »5 0 0SK»8 

[00 0 1 ] 

[0002] 

m^cmWjl toft? 4 *-H(LED) cr>mt^7 

?Sfi) £SH\ m*.l£. A 1, I n y Ga z N^-^0 

( nm) frb%}5 9 0-?-./.x- h/l^jfcRT'b* 

-hM>f>»5 o-^y^-wu-e^. |3l«^. Al, 
I n,Ga, P^-XO^^*^ 5J-- K<7)$BtX^? 

/l/co&JlTb"- jilt. 1/2 

m 3^y*-h^a^i&3 o^y*-WPT£>4. a 

1, I n y Ga z NatfA 1, I n y G a 2 PCDft^kriJVvt 
iiS-f^li. Oixgl, Oiy^L O^z^lS 
lA'x+y+z=l fcU3£fc"C*4. 

[00 03] 

6 6 0 -j-y WN0iao?£:§IT-fBfc^4S*$^?£ 

3t^-f Sl^t-T^ A 1, I n,Ga,Na 

VA 1 , I n^Ga^^-X^^^-KT'ftS. 

l^WCIi, A 1 , I n,Ga,NSI/Al, I n,Ga,P 
<-*<Of^^*-K«0SM«i, ift5 1 51-S*-h 
)Vfrb>m5 9 Oi-S*- h>UC7)ffiW-7$t%Mg : l / Zt5 



[0004] A I, I n,Ga, N^-XiOffcTt^W 
M^S>W5 9 0-^y^-h/MOlS<Db''-??Bfefe 

mt>xmg*t>c?>t%io. mttLxmwnwm-vw* 

[0 00 5] Kfc, ft3fc<7)A 1, I iijGajNWAl, 
I n y G aj P^-X<03Bfc^*-K^O^{i. « 

m±.&m-<owm&ft<?)Tx\ #ow*±j&ft-<aim 

izX^Xftf&ZtifcbOX'h. &Jt*4*-*<nfttm 
m^x--;Mz£r>X3£itL. ^t^ilHlt^x-^ico 
ffl®,z£~> TStfW* zttzhh. zav&tftii. 

[0006] 

r J . B .». 1 Mg u Ca»Ba 1 ) ( G a 2 . y . z A I, I n 
, S« ) : E u «♦ OKJKHrtlft IS^yW 3f- Ht=ie« L 

•C#4. -o^QtMTtt, Wt?4*- H(±A 1, I 

[0007] -o^H0B»fc:*Ji»vCW:» »3e^3j— 

SBttft^k LXttft&tltz (Sri-u-v-.IVIguCa.B 
a,) (Ga 2 - y - 2 A 1 y I n 2 S 4 ) :Eu!'«Sl@ 

^- vcd i xi,zztiWjLcr>mm±.<?>mt Lxnmt 

4£t*>'T'#4. ttlSttW»ttS*uWWtt. 

«i. S«f^(i*«?2. lI^Lhf?>l>. ®3tel4^«S{S. 
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[0008] mcommmizti^xii. wtf>M 

£*m ! MEIb7 4 LXtfmZtl& (Srn.,., 
Mg.Ca.Ba,) (Ga,.,.,AI, I n,S ( ) :Eu 

*6&3: (Sr H .,. I Mg u Ca»Ba I ) (Ga 2 . y . 2 A 
l y In 2 S 4 ) : Eu*><7)mieUmcoy <>1<J*T£\\ 

[00091 *%wcomimmi.z ± sfbt-f^ 

ft^cOAl, I n,Ga 2 Nfit;Al,I n y Ga 2 P<-X 
[00 10] 

[ ftmafgtigiB ] *»»osai»i»fc: i * t . *w * 
a* h -y s i a - 1 1 1 a 2 m s 4 cot*fti s-me-r 

(£, m3 2 01~yx—h>l' ( nm) A^^J5 1 0i~SX 

Rtf rniAglJ Chem i c a 1 Abstra 
cts S e r v i c e (Ot ^'fJ V/ • A tt! 

[0011] f&fc^^StiilS, 4 :*VtS^5r# 

»aj»M*t=3SiW-4. atactic, ft#<osMM 
<wzkA,wi. mm. i §RV$mmiz^x®m-tz 

£dlzmft2tiXZtei>cr>X'$>r). ZZX'ii. ®3t«. 
( 2 54i-y^—h)\^iX) tz£~oXW}1&Zti&. 

[0 0 1 2] f&HJ^ti, Eu2 + **H-T$tutIIA- 
IIIA 2 )^S 4 ^k^), ft*WCttOSuSl. Ogv 
SI, OSxSl, OS (u+v + x) SI, OSyS 
2, 0SzS2, ##0Sy+zS2fc L£i§-£0 (S 
r 1 _ u _ v _,Mg u Ca v Ba I ) ( G a 2 . y . 2 A 1,1 n 
2 S 4 ) : E u**1Mf4*. I^t^ H*^^#feST>' 



izm^tix^tc. zfxf>covamcr>m.um/^tx^ 

WPtf>vKojW±, mtif. ZZ!,z^mbLXm?>-*jx 
htl&M. R. WDX^fcWJournal of 
SolidState C h e m i s t r yi£83#3 
1 6-3 2 3 ( 1 9 8 9*) CO rxbnyf^A^A' 
D^A, ir^#V-MCi5{t.?>Eu 2+ cDfBfcj , Plt< 
K. T. l/f-(fC±SMaterial Scien 
ce and Eng i ne e r i ngtB 14^39 
3-397 ( 1 992*) CO rjis-A 1 2 SaOvXf- 
A(M = Ca. Sr, B a ) W MZX 0 H 

< , T. E . \Z—?—X¥f\iZ&.%> Journal of 
the Electrochemical Soci 
ety:Solid State Science a 
nd TechnologyO1972*2^230 
^-^fctJlt-S. r^^-h^3t^«Ce»3^Eu 

Mg.Ca^aJ (Gaj.j-.AljIn.S,) :Eu 

^<vmm i tt&zti&&fmgm< l z^x hmmvx^ 

[00 1 3] H 1 £#B3-t& £ , SrGa 2 S 4 :Eu 2 * 

wffligx^^ h;P2(i, i«j5 oo -wwa* £>^l- 

ISa*fc:jit<6. CaGa 2 S, : Eu !, OifiX^b;P 
3lil3«fc, l55 3 0^y-X-hA^»fe»MWfcJEtf 
S. ftftWCil SrGa 2 S 4 : Eu^te, »380t 
J * - h k *5 4 8 0 -T J * - V )V<?Mcr>$mX*& V^tR 
JRtt^r^t, CaGajS, : Eu! ( IJfi380t^- 
Y)Vbm5 1 0-^y^-h/t-tf0^^H-C^^©iR145r 
St". * S rGajS, : Eu !, WCaGa 2 

S 4 : Eu 2 + (i, Al.I n,Ga,N<-^M^* 

-YcDM&mzx^xmmtfx^z,* mta. 45ot 

/^-WWfiiaTtr-^^SA 1, I n y Ga,N<- 
AOf&tX*!-? W>4(i:, SrGa 2 S 4 : Eu 2+ <0lie 
X^Wl/2St/CaGa 2 S 4 : E u 2 'OlS^^ b 

/\s3tmnmzsmtz>. ^oig**tssrGa 

2 S 4 : Eu 2t CO^^^b;l'5SLl^CaGa 2 S 4 : E 

-h)U&r/»}5 6 0-f-y ji-hJi-x-v-riztcz. sr 

Ga 2 S 4 : Eu 2 + 05&3feX^^ hM^CaGa 2 S, : 
E u 2 + CDZ&tX^-? V Mi , WiMz 1/2 ft^fflW^ 

h ^ 5 o -t j x - h >\sX'h ") , MifeSrSt tu-r a i , 

I nyGa.N^-XtfOSBt^-f ^"-HfclESit-rS. 
[0014] (Sr 1 .„.».,Mg u Ca»Ba 1 ) (Ga 
2 . y . 2 A 1 y I n 2 S 4 ) : Eu**<0*RtfMte*WJifiBaV 
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f&t&zktfx-*&. 

[ 0 0 1 5 1 4 f - 5 d^&&<m&m*m&. ( m 

Xim^iiJftl.SrGajS, : Eu**fc:*i»t4 

fBfcx^? h/UOflP&fcfcfcfc-*-. SrG 
a 2 S 4 : Eu^Cfctt&I^X^h/^t:— 

5S£3rg$£J:9#75 3 7^/;><-WU (») j&»4,*&5 
1 0-^y^-h^ fc, aVxbo^^ACit 

•rS^;l'^'7^0g|5^-WX«^=5:W^(c«J: 9#>5 3 7 

■^-y^-h^*^*«j5 6 0^y^-h;H^ ittl^Wfcfii 

'J ^A<o»#WXU3££$rM»te J: i3»6 10t^- 
WU4Tafl£#*t'#&. SrGajS, : Eu!^^ 

AWgBtfttXti^SrS&CJ: im5 3 7 -f-S*- b JU 
frt>$)4 9 0i-SX-b)l> |C» RVtfWMZ 

mizj: 0*«35 3 7^y^-h;k*^i^6 1 o-^y^-h 

*><LT, *SSW058« 
J^«^J: "3fflt>&;h.& ( S r 1 .,.,. l Mg,Ca,Ba l ) 
( G a 2 - y - z A 1,1 n,S ( ) : E u*+ cr>m%Mm<r>V- 

* - h jut •cmsmtzwmvwtct) a . 
[ooi6] 3mrako*siMi«aw4X. ( s 1 tza^r 
£oi,z) ^bvy^Mztt-rhmeyn- Am<i *><r> 

^mxii^tcwmattf v *j Mzn-t &fl&«oi i i - 

ASH *y*)^WXfcJ^*iI»£ir**fl3*S r G 
a 2 S, : Eu 2 *<0©KX^^ b;PO«^S:t>7tfe-r. L 

frL%wt>. mw^fh/wMmzhfrfrbb-f. 

( S ri. u . v ., Mg u C a v B a, ) (Ga 2 . ri A 1 y I n 
,S,) : Eu**cr>&mi'8<Dl3.tA,t:li. Mltf. A I 
, I nyGa^^-^fBfc^tf-b'rt^coWfeXte 

[0017] *$&mwmmi.. maa. £ftz&m 

(CkOClCl^ffl^AixS^S^^e. 13 3, 5 89 
mzfflnkZtlX^&A 1, I n y Ga I N'*-.X03fete*' 

(cj: 9 Aft6#ll^t*ttII#-^0 9/4 6 

9, 6 5 1, I nyGajN'v- 

mmzm^<n^Rr/m9myt<7)mi^y^ *- h 



[0018] 02 t , Witf. *«B*»>—3 

nmtmmii. A!,! n y Ga z N^-X<7)3Bfr$M * 
-h'8£#JH-fS. SMiy-f*- H8UL M1141 

T*>&. xtr^^-wMJUti 2(4. pS«o±S5A l x 

1 n y Ga I N^2 0tTSPA 1 , I n y Ga z N«J$2 
20fflKffi«3*l6iStt«i*l 82r-irtf. A 1 , I n y G 

A 1, I nyGa.NS^^tf. vSttHHB 1 814, A 1, I 
n y G a 2 Nmfr£>mi&i$tl$> 1 Xt4-!-:f"UUiO:S^#F 

*-A P :J>'?;7b2 4&l>'#JgJ12 6(4S:u 
fc. #>o±g|5A 1, I n y Ga z NfSJ*2 0fc, 

*-Ap3y^^b28«. ToBA 1,1 n y G 

a z NmM2 2izmmg-sztiz>. a>?7b24ms 

2 8 tstiawttiA-f rxwmmz ± o , vsitffi^ 
1 8 tm^&tfiftio&A^sfts ; fc . vStt 

««18fc:*J»t4* ; Fai^iE?LOJW«aSIS-&«» ft£ 

£*)miZix2>mzm%ML. fr~?¥&6y4 *- h' 8 
14, -^v^yMcffl-f arJix:?:? N24W2807 
'j-yrf'yT-iUit^tlli. Al I In y Ga 2 Ntf0 

[ o o 1 9 ] 0 3 i&mt h t . *$m<o—ocomtm 
miz&^x&xsm&ityj h 2 9 fBt^^f ^i- 

-H80J;a^^7tr^^-H^^O. Wty**-* 
8(4RSt* 773 0rt(=iea^il, igR*f^«y7"(4X. 
(Sri-,.,-,Mg u Ca,Ba,) ( Ga 2 - y - z A 1 y I n 
, S 4 ) : E u 2* co^3fefi^ 3 4 #4Hft$*ifeSI«±3WB 
«*«3 2 Sr-^tf. ft«3 2S.t/H3t©-?3 4t±, 

-H2 90fra6tct3V^T, ^tr-f ^--H8lcJ:0IRtt 
$*utWfeX«S^I«-»:3t<0^- : flr< i: fc-SP**, flt36 
a^-3 4&HBBU I^3tf4- : F3 4<4. ^KfESlt 

J: 0 ^~»:3t«rSi:S«-& . •/ T 3 0 

^^^3 4tc*©lR<7D-»3tS-RStLTML, *>< t 

9c^3t^6<JtiJ^S-^fig-ri>. 
[0 020]ftftWl:(l Sr 1 . u .„. I Mg„Ca»B 
a,) (Gaa-j-.AIjIn.S,) :Eu2»<7Dm3t^ 
34J4, iSSi^O. 5S?Dy(^m)A>^10*^ 
DynT*0. »0. 5If^- fe>-h*^ID6. 0 
W^'C— fe y h *Ttf5«K"CE u \z& ->x v-yzti 
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[002 1] W32li, $fe3te*W*-F8tf>lHSX»± 
mm<0-V&StRXf8X& : ¥- 3 4 LX 

mm±mw%wgxh&. mm 3211 wwxuasarc 
rs>wi\ *k 3 2 Rtsmim? 34^, «ijf. 

fcMRfc LTffl^-Ail-S»*III#ltm5 . 9 5 9. 3 16 

T „ 5tlto 7/3 2 £ffiS£ ix4 CI i SrI2SH-§ "C** 

[00 2 2] H3f5StESBKBfcJ3^TJi, SMfitt73 4 
t£lft. ;&5%#>£>#;3 5%Oi£jg. &u*> i mn32tm. 
%3&=? 3 4<0»^Hj 100/5A(g) <0S*#jI*tt 
5gK»3 5g <75«3tfit^ Sr-g-triSJg-CiMC 3 2 (c:# 

1*3 *i4. aM»F3 4fc:J:-jTZ»afcfc3H*Sft4- 

mf^y* X- H 80>JWBfcEa3*uMMI 3 2 fc* 
^^3 4«O«£*J0>*fc:«E#"*-4. Mx.(4\ 124 AS, 
fH4B(4. SrGa 2 S 4 : Eu2*<Oi3tttfi^l 8 

ztix ^2>mm±m— <r> 2 r><r>wzh i i®®®kWt? 4 

2 9tZ-?^X0>?&£X*<? hfP3 6&tf3 8£. 
37^S*-h)VX'&mmMMV-9*^-ttmz^ 
A*- K*£e^lW&— <W8*fc*tJ6trtt4 80t7^ 
x^:?WW4. sft5 3 7-*-y*-Wl'T'Hfl— <0HHII<i:f 
[0 0 2 3] fSj®3 2<O^3m^3 4<0«gF{i. 

4. mar. -oosueKBKtttvr, t»f3 4o 
«&Ki4 . mems&tr* *- f 2 9 < r<fcfttf*»JK 

<9-»3fci&ftC>£j£) W^tifcW. Comm 
ision Internationale del 
'Eclairage(CIE) OfefltfMUfci-oTt* 

}£S*i4J:5£ffiH<O^Kfr4J:o£^3ii4. ^ 

*XJ4«3(SQft«3t^ sf- H 2 9 «03t^ffl*«0Bf SO 
feKfcJtt&^asKiBH 1 3 4 <D«g(4. SBHS^OKI* 

<Uf«*«r8aW-4ii:t=J:oT. e»«fc*£r**4 
£i:£BaW4r**£3. -o*>a4»*0B=tH>r. 

»*a : ?^>aatj± . m^m^y^ *- f 2 9 1 J: o 



-F8frfc<0-<J^fc£4J:3fc*K3;h.4. 

HWfcawtii, SBiaaftlfcfc^ *- f 2 9 let or 
sat«nfc3ifi*ai* (ft) <om %jaT#-<fc»»r** 
4. 

[0024] -Kmprnffit? 34fcJ:-3r Hifefrv^ 

4. ft«3 2<oJB*f*3& t 9btfft : f-<oaiff*ia 
rrs> a . -aactf^iiSbEfi? 3 4 k j: 
r»3e^*-H8fcgi4J:ait»sii. zitetusaft 
$<i*v^r*imiR«ii&. aaeH : F3 4<?5JB*f*(±» a 

flfcUswc . 1Mt3 214, ttl . 5J3Ui<OJB*f*, W* 

[0025] Sb(££»»#*W *- H 2 9<0MX^ 
WK3~aafc7C*U:, (Sr 1 - u - u - I Mg u Ca v 
Ba,) (Ga 2 - y -jA 1 y I n z S 4 ) : E u **«9&3lSK 

^ 3 4 <oa«*3«w- 4 i t izx onrafc&^reir** 

5. — 0<7)HSt®®^*3^T(±. (Sr 1 . u . v .,Mg u C 
a v Ba„) (G a! . rl Al,I n,S 4 ) :Eu'*« 
tt^ 3 4 (4. 2&&m3&&4 K 2 9 ( ZHZMf*. 
HRiRcO-<^3fefi!ctt<7)^BK) O^ffl***. Witf, Co 
mm ision Internationalede 
'Eclairage (CIE) <7)feJ£M^t-<t 

jeSiiiBraoflKfc:** J: 3 K>Ii*R£ii& . S««r* 
Jbiitf . SbBeSBfcJte:^ sT- H 2 9 W3t^tt5730^a 

wftKicsjert-tswettT 3 4 ioajfi**, mtvA 

H 8 WSBtWttCtfffiPf * £ t *B«W 4 T'$>^> 5 . 5f 
«>2:ffl^{4. atJSQftJtee^-f K 2 9 £7)%3tex^^ 
h^*«3KS ; p3 4<?5KIIW*tt«<ofcAt:abeU, 35 

[0026] -^mmmm^n^xit. mmt^s a 

*^49bfc£»?S3te*''r *- K 2 9 Sr^-T 4 . i^tc, 

&£tfmf&ZtlZ> 4 r\ R«SMt36*r*S 4 . 0 5 

— F 3 5(4. Jij^cO^fitt^ 3 4 ^*tf^3tJl 3 7 

t*J Ir ir 3 7 {4 . 3 4 *^UC$il^« 

±iffl8 i M**3 2 Sr-t-tf . fl605UBIBBCt5V^rS3t)i 
3 7(4, aWSrffcK3 2**4*V\ ^3t«3 7(4^3t 

TV^4* S , fi!lcO^]!iS<5y(Ci5(t4^3tii3 7(4. Witf, 



fl 
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3oz<&ts£diz%^T^&tf. mommmx-n. sit 
[0027] 7tfttmzithti&imi. ma 

Atifz%mftptmm&*irm o 9/688. 05 3-*h=*5 

& . SfcfcJi 3 7 amWISirf- 3 4 Oi&K&t/ffl 
5t^-f H 2 9 fcMil t X ±iBTi»BJ § ft* eo fc |5| 

(cm?**. 

[0028] *?mcomtmmiz£ hmiemmt?* 

3f-H(i. ft#OA 1„ I n y Ga z N&tfA l,In,G 
3tr-f3T-Hti. i*«Al,I n^Ga.N&^Al, I 

x-hwffliiz&mmm%%MX'$>&. ssfc»±, - 

JWi^flBBBWBe^-f f£*«A l , I n y G 

a, Nsaiy-r *- h'ccit^T s mM-f&mmmffii t 
ittcoimiz&^x. atA,xju±&<ifaw»*jKZ 

%\\ MUX. ^^^IIJWBJBfciJciaJlSSJBS*^ 
4 K(4. &5fcOA 1 „ I n y G a x N&tf A 1 , I n y 
G a. z PK-xcr>^y^ *- H«t 0 i$tJIIEffl<7>S^e 

(^^ffotv^. dix^2ocofij^<i. *JWItf>* 

immnv-r&i&cD&MzttLxm&tfi&^z t izx 

[0029] i&cmmtf 3 4 <o*# w*m, 
**<o8flrc2F>sfc*>, M3fcS3 7<o^^^ifflS. 

Sfc^BSfBtr-f H 2 9 JW/3 5 £ J: ^XWM Ztl 

$®t?<tii'M±. mm. m&iMmr&fflmn? * 

tt. m±y < j\si*nx. m%$®&mm--\ t izm* 
&tszt&x'$z>. me^mmtht. mm. 
(Dftwmmmizn^xmyt&mftftyj *- H4 o 

<4. Wlty* *- H 8 <D4 a -f *- F . 

2Wf««^>f *- 1 6 ±t=ft*$*i*:5MI± 

^fiftS: (Sr 1 . 1 .,. I Mg,Ca„Ba I ) (Ga 2 . rI A 



1 y I n x S 4 ) : Eu2*cO«^^eO^V^7-f;l-A 

[0030] •m^sm^ty^^-v 4 o^nmiza^ 

X. «*^-f*-H8««ttflH«18k:J:->Ttt«S<i 
*#^tt*MR-<K3fctf>*J>$r< i: 3**7 
/PA4 2teAlt**iTi<t«:jaiiBL, J6 

r-<5i--K4 0^^ai*<i. ^7^W42tio 

H 8i±y U 7 7*f -y r^Btr-f KTfc 
0, ^m®2 6{ivSttffllSl8^J:oTSc»$ixS3fefc: 

4 2 ^OA«-»3KO*S:iilirf . 
[003 1 ] — o<0SWS«fc:tJV^-c»367 -r /PA4 2 
fcL f63t^^-H<0^x-y^^7t^^-H8c7) 

mi e±iznm^ti?>. »^l<«. «3t7^;^4 2 

4 % 2 8S.t<^S® 2 6 C0ft3»«(C. S« 1 6±lZftm 

u*»l*3&»^>, ^tiotii mmmcntt 

£K 1 6±(C^3K7 ^ /I^A4 2 fcf«M-*i t**^ 

[0032] *m&mimmizt5^xte. wt? < >v 
A4 2ti, Mz-ii. mfBm#mtm*jk(ommbz&^xm 
-< >uA,zttmz-£&tzMzm^i>tix\ / ^$t5k 
<ofjm^zx->x. m&i 6±t,zttmztixh£\<\ 

RV&rnimttmm (mocvd)*>*m. us 
m%X'$>tii£, mm. ? * )Vj^A2t>mm^fihmt 

?4 3f- h'co^x-^S: s ft«iS+fc:fl|^R«K:|SW6 
$-ii:a^i:tcJ:^T, ^;PA4 2tf0ffl^Rt^W$ 

<0%«ttfcov ^T5&#T'# Sit iBBW"* Xhh 3 . 
[0033] — O^HSfim«(C:*>V%T^3t7 -</^42 
li>»(Sr 1 . u .„.,Mg„Ca v Ba,) (Ga 
i-,.,A I, I n,S,) : Eu2'<9S5fc%m:oVvtft3fc 

S.SM*(Sr 1 . IJ .„. I Mg u Ca„Ba 1 ) (Ga 
!-,.,A l y I n x S«) : Ku^to'mttomM. Aftttfc 
J4%3t^-f ^- Hco^x-yNj: 0 v^S^W 
Jl^S^l 6*^*^5 cm*><i>*n 0cm^)fc;6 
tcfia^-S^-y' y h^EEASn, T;^>-5-*tf#H 

^,T-g& i 6 iic^.^- y 9 v yyztih . 

[0034] SiJ<9#ll6J»::fc^-C. 3fct7 </PA42 
{4. ^Srd^lCffl^A^App lied Phys 
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ics Letters63f. 1954-1956 
(19 93^) tS8^>P. <-j-a*?Jl*$tz£& r IIA 
-III 2 S£S 4 Z7tfflJjSc: 

v^s £ o %mk(0%jm r f v^boy • x^. y ? y 
>^8;fcJ:->T. aSKl6±fcf**3:h.S. zcomtm 

3(7) (Sr 1 .„.,Mg 1 Ca»Ba I ) (Ga 2 . y - Z A l y 

|Q»W:i3V^SrGa z S 4 : E u 2 *<D!i£ft7 -f A-A4 
MZ'MtRZtl&S r S. GajSgS-t/EuSOii^* 1 

h . — mm&mz&^x , r f x^y 9 v yfxim 
jstt r f -?y$- v u> ■ xn-v 9 y i l>W-Sf& 
ic, s*7-(^A4 2{±, w*«r, »5 0ox;a»fe*i>8 

3?3£7 -r/l^4 2«0^tt2rlSJi6l>. 
[0035] SS&rcarftfr. fWKOUi, 31*. 
7-f/^4 2<OJ»S*31«tt2 5^o>'3&»^»2 0S^ 
uy£ffl#t*fcAfciitlf#'CS SCI fc fcBWCfc £T" 

a . 'mty -f a^4 201* £(±. — <tetowa<o*i 
tff&ft^ f 8*^ co— <xMtT-$> & «fc a 

4 0 icj; OflfltSsh-fcttatfJ (3K) <0» 1 %HT« 

[0036] rnxsasBt/tn *- f a o wfBtex^? 

F/l^Il&ftjfcfrti. Wt7 4 frl*<F> ( S r 1 . u . v . I M 
g u Ca»Ba,) ( G a 2 - y - z A 1 y I n z S 4 ) iEu' 1 

tA'*£ (4. aftSHftSBt*^ *- F 4 0 CDftiiilJ ( ~& 
&tf*«liR<!0-»8K^JR ) #*J9raofe Jg i: * S J: o fc 

[00 3 7] H6(i. fgftr-f 5j— F8<0*«1 2±t 

am* tit. mm* miizte^x&wms&tyj* 

ft*£*X£ (Sr H -.-iMg,Ca,Ba,) (Ga 2 - 
y . z Al y In z S 4 ) : Eu2 + <7)^7^;^4 6 5rir 
tf. S!|e0lliftWt:iJV^AW12 6J4»3iaaft«*^ 
*-Y4 41i&F&t¥* «67^A4 6tt, 



igAl.I n y G ai NffiJ«2 0±lCiea$ixl». 
[0038] SiJOHSS»«(~*3^T, #- FC0 

OffllSB^^ tTfflUJ-f h~d$thm%7 J )VMz£ iX 
m&ti&VX. -<kfttf-<%fctz$8&Z h «*tt** 

#-K4 8li. fBK^>f*-F8&VfBI£^*-F8 
<0±<^ifiatXfflH»SiBf±^f , t*5^«*7 ^ IV J* 5 
0 £-£tf . 08<O0fCli, ^^^^^'f *- F 4 8 
U. ^ffl*5 4^J; , 9-9-7*-7^>'h5 2±t7y -yT-f- 

[0039 ] «3lSSil»*^*-F4 4&t/4 8tt» 

±^tfo^3t^^7t^M F4 o k mmzmtftz . 

«3BHH»3t^-f *- F 4 4 W£ti}:>Jl±, < 

4 6Ki-5TiWtSil4Z:<JO!£. at^«*7^^A4 6 

7t^-f *- F 4 8^3tffi73«±s ^7 ^A5 0 tc: «fc -> 
XWb^ft-h-fcjt. m/fflt? 4)VJ±5 0\iZZ.-?Xlfc 
|t$it?.*[RJCZO— »:3t$r#tf. ^3t7-f;UA4 6S.V 

5 0col¥$5.t/ffi«{±. — <JOl6^J5ra<OM#t-i>aeK 
^ L . *— F 4 0 KM-t ^> ±3*«0 1 

[0040] ^mm<r>^mmzanh ( s r !.„.„., 

Mg u Ca v Ba x ) (Ga 2 - y - z A 1 y I n z S 4 ) :Eu 

*J6BHfcJ3»tS (Sr 1 .,.,- I Mg»Ca»Ba 1 ) (Ga 
2 . y - z A l y I n z S 4 ) : Eu 2 + C0 ( t 9Jx.(fS'J<7)^4't 

?a Yxffl, lx h ±j&<r>m&zm®-i-h . *% H ^ 

ji % 2|SJW*C<0^— y • ^3f-F**tf. *f£ B J] 

tcJ:4»3iaOIBi3te^3J--l s tt, RSt^m 
[0ffic9fg*3rf& B J» 

[II] SrGajS,: E u 2 + cr>m&AV3£ftX'*.7 b 
CaGa 2 S 4 : E u^ibg&l^BtX^? F^S. 
tXA 1, I n,Ga, N<-^«X^^ h;K?5fi«Sr 

[H2] *JHB«'^ai0BJBk:*JV^Tf8ffiS*t*f6*^ 
FOBSH"Cfc4. 
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[§4A] ^m^mmmm^tufhmmi^^tsm 


1 2 






1 4 




[04 B] *fMBOSeWEUBtc*J»tS«3iete^Sr*t»a 


1 6 


mm 




1 8 




[05 ] ^SIBJiOSij^jftjg^fctt^^S^^'^tf 


2 0 


±SPA 1, I n,Ga : Ni^ 




2 2 


TSPA 1 , I n y Ga z N£gii 




24 






26 




[H7 ] *%wcowi<?>mmcoBmiz&tfz>mft7 <ivi± 


28 






2 9 






3 0 






3 2 




[fl^ol&Bjj] 
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[08] 




F I f-n-V (##) 

H 0 1 L 33/00 N 

HOIS 5/02 

(72)3fc0J|# I/y^t h*- V-y^ 

95132 ify X^x-f#-h o 

-K 3491 



(5i) int. ci . ? wadia-f- 

H 0 1 L 33/00 
HOIS 5/02 



(11)32003-3479 1 (P2003-3^ + B$8 

F*-A(##) 4H001 CA02 XA07 XA12 XA13 XA16 
XA20 XA31 XA38 XA49 XA56 
YA63 

4J002 BG001 CD001 CG001 CP031 

DCOO FB076 FD206 GQOO 
5F041 AA10 AA11 AA41 CA33 CA34 

CA40 CA46 CA77 CB36 DA04 

DA09 DA20 DA44 DA45 FF01 
5F073 AA73 AA89 AB17 BA09 CA02 

CA11 CB04 CB05 DA35 EA04 

EA29 



GO 



5 



UJ 

£ 



